.
The Top-Stop Nipper (TNS; Lars Geil, Ry, Denmark) has two unequally spaced (about 2 cm apart) blades on either side, each with a half circle cut out (Fig. 1A) . It makes transverse cuts (Fig. 1B) through the bark of the leader, which reduces subsequent leader growth. In Europe, the TSN has reduced leader growth of nordmann fir (Abies nordmanniana) by 25% (Owen et al., 2004) . Retaining terminal and subterminal buds maintains the mechanism of correlative inhibition among leaders and lower-order shoots (Kozlowski et al., 1973; Little, 1970) , thus enabling lateral branches to develop as in a nonsheared tree. Although the TSN can reduce leader growth more than 50% in Fraser fir (Rutledge et al., 2008a) , there is no method to determine the number of nips to yield a specified target leader length. The objective of this research was to determine the number of nips to apply with a TSN, based on a bud volume index, to yield a target leader length for Fraser fir Christmas trees.
Materials and methods

E X P T . 1 (DE R I V A T I O N O F MODEL)
. During 2005, measurements were conducted in three representative Fraser fir Christmas tree plantations in Avery County in western North Carolina. Elevation was 3410 to 4000 ft above sea level, average lat. 36.1°N, average longitude 81.8°W. Soil series included Porters, Unaka-Porters complex, and Edneyville-Chestnut complex (U.S. Department of Agriculture, 2005) . Soils were stony or very rocky, with slopes of 15% to 30% on two sites and 30% to 50% on the third site. Climatic data during May, June, July, August, September, and October in that locale (recorded at Banner Elk, NC) during the 12 years before the experiment were as follows: mean daily high temperature (69°F, 74°F, 79°F, 77°F, 72°F, and 64°F), mean daily low temperature (46°F, 54°F, 58°F, 56°F, 50°F, and 42°F), and monthly precipitation (3.9, 4.8, 4.6, 4.2, 5.2, and 3.0 inches) (Coweeta Long Term Ecological Research, n.d.). Rainfall in Sept. 2004 (24 inches) was extremely high owing to remnants from several hurricanes. Excluding that value, the mean for September was 3.7 inches.
Nine hundred trees were used (height %4 to 5 ft, with no symptoms of disease or noticeable insect damage). Trees were about 5-years-old (3 years in a seedbed and 2 years in a transplant bed) when planted in the field, had been in the field 5 years, and received standard cultural practices, including one shearing annually. The 13 treatments included a control (zero nips) and the application of 1, 2, 3, or 4 nips at one of three stages of leader elongation: prebudbreak, 2 to 3 cm, and 6 to 9 cm (Rutledge et al., 2008a) . The tool was rotated 90°before applying each additional nip. Damage to lateral buds was minimized by carefully positioning the nips (Fig. 1C) . Weekly measurements were recorded for every tree at site 2 over 7 weeks, beginning 26 June 2005. Final measurements were recorded at all sites 9 weeks after treatment. Results are presented in Rutledge et al. (2008a) .
An analysis of covariance was conducted to test the relationship between each covariable (BVI, leader diameter, leader length in 2004, and tree height) and final leader length in 2005. Among those variables, BVI was best correlated with final leader length. A regression model using BVI and the number of nips was used to predict the number of nips required to yield a target leader length of 25 to 36 cm. This model was used to apply nip treatments in a second experiment in 2006.
The 2006 experiment was conducted in the same Christmas tree plantations as in 2005. A total of 120 trees were used at each plantation. Nip treatments (Table 1) , based on the model using BVI (Expt. 1), were applied to 100 trees at budbreak. Twenty trees served as controls (no nips) at each site. Apical bud diameter and length were measured for each tree using a digital caliper. BVI was calculated by squaring the diameter and multiplying it by bud length. Treatments (1-7 nips, applied at budbreak) were determined from Eq. 1. Measurements were taken at site 2 for weeks 1, 2, 3, 4, 5, 6, and 7, beginning 26 June 2006. Final measurements for all three sites were taken at week 9. Data were analyzed using GLM, REG, and CORR procedures (SAS Institute, Cary, NC). A GLM analysis, using combined data from the three sites, was conducted to test main effects and the site · nip interaction for the dependent variables, leader length, bud count, length of upper and lower lateral branches, and bud density (buds per centimeter). The CORR procedure (SAS Institute) was used to determine the relationship between BVI and leader length, bud count, and bud density for the controls and treated trees.
Leader lengths for each treatment were compared with two hypothetical shearing systems: traditional and accelerated. These regimes refer to the leader length, which is set during mechanical shearing. With traditional shearing, the final leader length would be 20 to 36 cm, compared with 30 to 46 cm for an accelerated regime. For each system, percentages were calculated for the number of leaders that were too short, optimum, or too long relative to the ideal target length. Short leaders will yield trees of acceptable quality, whereas excessively long leaders might not. Before initiation of the experiment, trees had been annually sheared similar to the traditional system. They were not sheared during the study.
Results
EXPT. 1. Results from the first experiment are presented in Rutledge et al. (2008a) . In general, leader elongation decreased with increasing nips (Fig. 2, Expt. 1, year 2005) . In the where LL is leader length in centimeters, a is the number of nips, and b is BVI. Fig. 2 ). Leader length for nonsheared controls was much greater (P £ 0.01) than in all the TSN treatments (Fig. 2) . Bud density in 2006 increased with the number of nips (Table 2) . Excluding controls, the site · nips interaction was negligible for all variables (Table 2 ). Upper lateral branch growth was significantly greater for sites 1 and 2 compared with site 3, whereas lower lateral branch growth was significantly lower for sites 1 and 2 compared with site 3 (Table 2) .
Control trees displayed a strong positive correlation between BVI and final leader length (Fig. 3A) . In contrast, trees that received one to seven nips, based on the model using BVI, showed no significant relationship between BVI and final leader length (Fig. 3A) . There was a significant positive correlation between 2005 BVI and 2006 bud count, particularly for control trees (Fig. 3B) . Nipped trees exhibited a significant positive correlation between 2005 BVI and bud density on the 2006 leader, whereas the correlation was negative for control trees (Fig. 3C) . Bud density on the leader increased (Fig.  4) as the number of nips increased (Fig. 4) .
For both shearing regimes (traditional and accelerated), about 50% of the leaders were within the target range (Fig. 5) . The effect of TSN treatments was more apparent for leaders classified as ''short'' or ''long''; e.g., four nips caused 45% of the leaders to be classified as too short . Legend in A also applies to B and C. The TSN has two unequally spaced (about 2 cm apart) blades on either side, each with a half circle cut out (Fig. 1A) . NS The TSN has two unequally spaced (about 2 cm apart) blades on either side, each with a half circle cut out (Fig. 1A) ; vertical bars = ± 1 SE, 1 cm = 0.3937 inch. for an accelerated regime compared to 10% for the traditional regime (Fig. 5 ).
Discussion
The TSN reduced leader growth in Fraser fir Christmas trees (Figs.  2 and 3 ), similar to other firs (Abies spp.) (Fletcher et al., 2005; Landgren and Fletcher 2006) . The relationship between the number of nips and shoot elongation differed between the 2 years ( Fig. 2) . In 2005, one to four nips were randomly applied to trees irrespective of BVI, resulting in a negative slope for the relationship between leader length and the number of nips (Fig. 2) . In 2006, the number of nips increased as BVI increased, resulting in no discernible relationship (slope % 0) between leader length and the number of nips (Fig. 2) . Thus, BVI effectively predicted the number of nips needed to produce leaders with a specified target length. Bud density on the 2006 leader also increased with BVI (Fig.  3C) as well as the number of nips (Fig. 4) . Reducing leader growth while maintaining the same number of buds increases bud density, which increases crown density. This might allow growers to retain longer leaders, compared with traditional shearing, to produce taller trees or reduce rotation length.
Formation of the terminal leader is a 2-year process in firs (Powell, 1982) . Bud primordia form the first year, which, in part, determines the amount of shoot elongation during the next year. Favorable environmental conditions during year 1 produce more shoot growth during year 2 (Kozlowski, 1962) , perhaps explaining the similar positive correlations between bud count and BVI for treated trees as well as controls (Fig. 3B) . The number of buds present on a leader should not be affected by the nipping treatments that occur after formation of primordia; therefore, the controls and nipped trees should have a similar relationship.
Americans favor dense trees, which require annual shearing, whereas Europeans prefer trees with little to no shearing, resulting in lighter crown density with layered internodal branching and more uniform whorls (Chastagner and Benson, 2000; Frampton and McKinley, 1999) . Trees with the European style have gaps between the whorls to hold decorations such as candles. Owing to smaller living spaces, many Europeans also prefer slowly grown Christmas trees with narrow crowns and low to medium density (Frampton and McKinley, 1999) . The TSN can yield a more open European-style tree with a layered, natural appearance, and might represent an alternative to traditional shearing. Because the TSN places only 50% to 60% of the leaders into the target range of length (Fig. 5) , American Christmas tree growers probably would use it only in combination with traditional mechanical shearing or application of growth regulators (Rutledge et al., 2008b) .
Although calculating BVI is too cumbersome to be useful in the field, there are several alternatives. One approach is to visually categorize terminal buds as small, medium, or large, and apply 2, 4, or 6 nips, respectively. Because bud length is strongly correlated with BVI, a second alternative would be to mount a small scale on the TSN to measure bud length, and apply nips according to bud length. The third method, commonly used in Europe, applies nips according to the length of the prior-year leader. This method, however, assumes that leaders receive no mechanical shearing after treatment with the TSN. (Fig. 1A) ; 1 bud/cm = 2.54 buds/inch. Leaders were classified as short or long if they were less than or greater than the target length, respectively. The TSN has two unequally spaced (about 2 cm apart) blades on either side, each with a half circle cut out (Fig. 1A) ; 1 cm = 0.3937 inch.
